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Introduction 

Human  UNE-l  (LlHs)  is  a  transposable  element  that  encodes  a  reverse  transcriptase  and 
moves  ^  an  RNA  intermediate  [1].  It  therefore  seems  possible  that  cells  in  which  LlHs  is 
active  may  be  subject  to  insertional  mutagenesis.  We  have  recently  found  diat  the  element  is 
expressed  in  a  significant  number  of  germ  ceU  cancers  [2,3]  as  well  as  in  many  breast  tumors 
and  breast  tumor  cell  lines  [4].  This  last  finding  raises  the  possibUi^  that  the  initiation  or 
progression  of  some  breast  cancers  is  facilitated  by  LlHs-induced  insertional  mutations. 

In  atklition  to  insertioiial  mutagenesis,  there  are  several  other  characteristics  of  die  LlHs 
element  that  suggest  its  potential  as  an  oncogenic  agent.  For  exan^ile,  LlHs  has  an  internal 
promoter  which  could  potentially  lead  to  readthrough  transcr^on  and  «:tivation  of 
downstream  genes.  In  addition,  the  LlHs-encoded  p40  protein  has  a  leucine  zipper  motif, 
suggesting  a  possible  interaction  with  other  cellular  proteins.  Such  interactions  at 
impropriate  times  might  lead  to  the  disnqition  of  inprtant  cellular  functions.  Thus,  LlHs 
involvement  in  cancer  could  occur  by  several  mechanisms,  either  singly  or  in  combination. 

Our  long  range  goals  focus  on  the  identification  and  characterization  of  LlHs  elonents  that 
are  etqnessed  in  breast  cancers.  LlHs  e;q)ression  may  identify  a  class  of  breast  neoplasms  in 
which  LlHs-encoded  proteins  initiate  or  maintain  die  neoplastic  state.  This  suggests  that 
down-regulating  LlHs  eiqnession  could  influence  die  course  of  breast  cancer.  To  proach 
this  problem  we  have  piposed  to  study  the  expression  of  LlHs  in  cell  lines  and  in  solid 
tumors  by  cloning  and  characterizing  actively  ei^ressed  LlHs  elements.  Specifically  we  have 
proposed  to: 

(1)  Clone  active  LlHs  elements  from  several  breast  cancer  cell  lines. 

(2)  Characterize  the  active  LlHs  sequences  and  d^ennine  if  the  same  LlHs  elements  are 
active  in  solid  tumors. 

Experimental 

Our  original  plan  was  to  isolate  umn^ylated  (potentially  active)  LlHs  elements  by  die 
method  of  inverse  polymerase  chain  reaction  (PCR)  [5],  and  this  proadi  seems  to  be 
woiidng  quite  well.  Our  current  protocol  runs  as  follows:  we  partially  cleave  DNA  extracted 
from  the  T47D  breast  tumor  line  with  Hpall,  an  enzyme  diat  appear  to  cleave  LlHs 
sequences  only  in  transcrqitionally  active  cells  [^.  We  then  isolate  fragments  frcnn  0.6-2.5 
kb  in  size  on  acrylamide  gels  and  circularize  die  fragments  by  incubation  with  ligase  under 
conditions  of  dilute  DNA  concentration  (1-2  ng/ul).  We  collect  die  circularized  DNAs  and 
cleave  with  the  restriction  enzyme  Bgll  ^gll  has  a  consensus  site  located  at  position  10-20 
on  the  LlHs  consensus  sequence;  the  enzyme  introduces  cuts  b^een  nucleotides  13/14  and 
16/17  giving  3’  overhangs)  and  perform  PCR  under  relaxed  conditions  with  primers  duU  are 
conqilementary  to  r^ons  3-16  and  14-27  on  the  LlHs  consensus  sequence.  This  results  in 
PCR  products  diat  contain  S’  flanking  DNA  bradceted  LlHs  sequences.  In  most  cases  die 
LlHs  moi^  of  the  clone  stretches  from  bp  1  to  a  Hpall  site  at  bp  36. 

Using  this  technique  we  have  isolated  over  a  dozen  interesting  clones  frmn  the  T47D 
breast  tumor  line  and  have  partially  characterized  three  of  them.  AU  three  clones  are 
unmed^lated  in  die  T47D  cell  line,  and  they  are  unmethylated  in  other  breast  tumor  cell 
lines  (e.g.,  SKBR-3)  as  well.  The  clones  tested  so  far  are  conq>letely  methylated  in  two 
LlHs-ejqnessing  germ  cell  tumor  lines  (NTera2Dl  and  2102^)  and  two  of  the  three  ate 
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methylated  in  die  "normal"  breast  epithelial  line,  HBLIOO,  that  does  not  eiqiress  LlHs.  In 
addition,  one  of  die  clones  is  ani^lified  about  10-20-fold  in  the  SKBR-3  breast  tumor  line, 
but  not  in  any  of  the  other  cell  lines.  We  are  currendy  characterizing  the  remaining  clones  as 
to  their  methylation  status  in  other  tumor  cell  lines.  These  include  breast,  germ  ceil,  and 
brain  tumor  lines  that  we  have  already  shown  are  actively  expressing  LlHs  [6]. 

The  most  interesting  clone  we  have  found  to  date  is  deaignaf«»H  593F.  The  LlHs-S93F 
element  appears  to  be  located  widiin  a  region  of  the  genome  on  chrmnosome  19  that  codes 
for  the  carcinoembiyonic  antigen  (GBAVpregnancy-qiecific  glycoprotein  (PSG)  multigene 
family.  The  CEA/PSG  region  is  coordinately  express^  in  a  mmi^  of  epithelial  cancos. 
This  suggested  to  us  that  the  ei^ression  of  genes  within  the  CEA/PSG  region  might  also 
involve  LlHs-593F.  Indeed,  when  we  examined  the  recendy  characterized  promoter  for  the 
PSGll  gene  [7],  we  discovered  that  some  PSGll  promoter  motifs  are  present  in  die  S’  ends 
of  LlHs  elements.  We  are  currendy  examining  whedier  these  motifs  are  components  of  die 
LlHs  pnnnoter  by  making  expression  constructs  that  contain  the  S’  end  of  LlHs  with 
mutations  in  these  motifs. 

The  above  reailts  strongly  suggest  that  the  original  plan  to  isolate  active  LlHs  elements 
frmn  breast  tumor  cells  is  viable.  We  have  isolated  a  lumber  of  elonents  diat  have  all  of  the 
characteristics  of  elements  that  are  expected  to  be  active.  By  a  stroke  of  hick  we  have  also 
been  able  to  provisionally  im^  one  of  die  elements  to  the  CEA/PSG  region  of  the  genome. 
This  suggests  a  model  for  transcrqitional  acdvadon  of  at  least  some  LlHs  elements:  during 
tumor  initiation  or  progression  certain  regions  of  the  genmne  become  transcriptionally  active 
for  reasons  that  are  not  yet  known.  Transcr^onally  conqietent  LlHs  elonents  within  these 
regions  are  also  expressed,  and  dieir  products  play  an  as  yet  unknown  role  in  malignancy. 

We  are  currendy  testing  die  validity  of  diis  model  using  odier  LlHs  clones  and  tumor  cell 
lines. 

Concliisioiis 

We  have  partially  characterized  a  number  of  LlHs  elements  that  may  be  active  in  the 
T47D  breast  cancer  cell  line.  Preliminary  data  suggests  diat  at  least  some  of  these  elements 
may  neighbor  other  geius  that  are  known  to  be  oqnessed  in  malignant  cells.  This  leads  to 
the  interesting  possibility  that  unmetfaylated  LlHs  clones  may  be  used  to  identify  and  isolate 
neighboring  genes  that  bectnne  transcrqitionally  active  in  breast  canco:.  Some  of  these  genes 
may  also  play  a  role  in  this  cancer. 

We  have  preliminary  information  that  LlHs  elements  that  are  unmetfaylated  in  breast 
tumors  are  methylated  in  germ  cell  tumors.  This  suggests  that  specific,  non-overlapping  sets 
of  elements  are  active  in  different  cancers.  We  are  currendy  testing  this  by  isolating 
unmethylated  LlHs  elements  frcnn  an  embryonal  carcinoma  cell  line  and  from  a 
medull^lastoma  cell  line.  If  there  are  cancer-qiecific  patterns  of  LlHs  expression,  die 
probes  we  are  developing  today  may  be  useful  as  clinical  tools  in  the  future. 
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